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Abstract 20 
Piemontese, Chianina, Marchigiana and Romagnola are the main Italian beef breeds, and the quality 21 
of their products is largest recognized all over the world. Here, 18 SNPs in 12 candidate genes 22 
involved on meat traits were investigated on 1055 candidates for selection in order to analyze the 23 
within and between breed variability with a functional marker approach. 24 
Three SNPs (GDF8-3, GH and NPY-3) were monomorphic and most of the polymorphic SNPs 25 
showed an allele distribution quite similar in the four breeds. High variability at LEP-2, LEP-3 and 26 
LEPR markers was detected across breed and the analysis of the relationship between FST and 27 
heterozygosity suggested a different selection intensity by breeds for LEP-2. The highest pairwise 28 
FST values (0.1189 to 0.1877) were obtained for the comparisons of Piemontese with the other 29 
breeds, while the lowest value (0.0296) was observed between Chianina and Marchigiana. The 30 
Piemontese differentiation from the other breeds could be due to its geographical isolation and 31 
selection targets. The results for breed assignment follows the genetic differentiation, in fact, 32 
Piemontese had the highest percentage of correct assignment (87.6), while Marchigiana had the 33 
lowest one (47.5). These findings suggest that the functional markers can be more suitable than 34 
neutral markers in discriminating breeds in similar morphology if selection played some role in 35 
their differentiation. 36 
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Introduction 40 
The Italian beef cattle breeds have always been connected with rural and ethnic traditions, therefore 41 
they represent a historical and cultural heritage which exceeds their economic value. Among them, 42 
Piemontese, Chianina, Marchigiana and Romagnola are the main specialized breeds for meat 43 
production and the quality of their products is widely recognized all over the world. 44 
 3 
Several studies focused on the genetic description of these breeds and their relationships. For 45 
example, on the basis of biochemical markers, Baker and Manwell (1980) included Chianina, 46 
Marchigiana and Romagnola in the Italian podolic group belonging to the Primigenius taxon, while 47 
Piemontese was included in the Primigenius-brachyceros Mixed taxon. Concordant results on the 48 
four studied breed grouping were obtained by Blott et al. (1998), using blood groups and protein 49 
polymorphisms. More recently, molecular markers, such as AFLP (Negrini et al., 2007) and 50 
microsatellites (Dalvit et al., 2008), were used to characterize the same breeds in the framework of 51 
product traceability. 52 
The latter two studies were based on neutral markers, which are routinely used to analyse the 53 
genetic structuring of populations, being the most effective in detecting the relationships among 54 
breeds determined by processes such as migration and genetic drift. However, there is a growing 55 
evidence that variation in functional sequences can be more efficient in highlighting differences 56 
among breeds induced by selection (van Tienderen et al., 2002; Kirk and Freeland, 2011, 57 
Pampoulie et al., 2011). 58 
The breeds here considered are all beef breeds, but the selection programmes implemented by the 59 
respective National Breeders’ Associations in the course of time are quite different (Albera et al., 60 
2001; Sbarra et. al., 2009). At present the emphasis of the selection in the Piemontese breed is on 61 
reducing calving problems, while improving growth rate and meat conformation (ANABORAPI, 62 
2013). For Chianina, Marchigiana and Romagnola the selection has always been focused on 63 
improving daily gain and muscle conformation (ANABIC, 2013). 64 
As many candidate genes have been suggested for their potential effects on meat traits (Li et al., 65 
2004; Buchanan et al., 2005; Nkrumah et al., 2005; Di Stasio et al., 2007; Sherman et al., 2008), 66 
the present investigation was carried out in order to analyze the within and between breed 67 
variability in Chianina, Marchigiana, Piemontese and Romagnola breeds with a functional marker 68 
approach. 69 
 70 
 4 
Material and methods 71 
Animal sampling and molecular analysis 72 
Blood samples were collected from a total of 1055 candidates evaluated using a performance 73 
testing: 359 Chianina (CHI), 242 Marchigiana (MAR), 226 Piemontese (PIE) and 228 Romagnola 74 
(ROM). Genomic DNA was extracted from blood using the GenElute Blood Genomic DNA kit 75 
(Sigma Aldrich, St. Louis, MO, USA). 76 
According to a preliminary bibliographic survey, 18 SNPs in the following 12 genes were selected 77 
on the basis of the reported correlations with beef traits: growth hormone (GH), growth hormone 78 
receptor (GHR), growth differentiation factor 8 (GDF8), ghrelin (GHRL), leptin (LEP), myogenic 79 
factor 5 (MYF5), insulin-like growth factor 2 (IGF2), leptin receptor (LEPR), neuropeptide Y 80 
(NPY), proopiomelanocortin (POMC), uncoupling protein 2 (UCP2) and uncoupling protein 3 81 
(UCP3). The list of the studied SNPs is reported in Table 1. 82 
The genotyping of the investigated SNPs was performed by LGC Genomics (Hoddesdon, Herts, 83 
UK) using KASPar technology. To asses the genotyping accuracy, 10% of the samples were 84 
genotyped in duplicates. 85 
 86 
Statistical analysis 87 
The allele frequencies, observed and expected heterozygosity were calculated by the FSTAT 88 
software version 2.9.3.2 (Goudet, 2002). FIS per breed across loci was calculated using the software 89 
GENETIX version 4.05 (Belkhir et al., 1996-2004), while single-locus FST, pairwise FST and global 90 
FST were estimated using FSTAT software version 2.9.3.2 (Goudet, 2002). The FDIST2 program 91 
(Beaumont and Nichols, 1996) was used to test loci for selective neutrality under an infinite alleles 92 
mutational model. The linkage disequilibrium between SNPs was tested by the software GENEPOP 93 
4.0 (Raymond and Rousset, 1995), using Bonferroni correction. For the linked SNPs, the haplotype 94 
frequencies were estimated by the software PHASE version 2.1 (Stephens and Scheet, 2005). The 95 
percentage of correct assignment per breed was calculated by the GeneClass2 software (Piry et al., 96 
 5 
2004), using the distance method, which does not require the assumption of independence among 97 
loci. Of the different genetic distance option, the Da (Nei et al., 1983) was used. The assignment 98 
was considered correct when the probability was higher than 50%. For each breed the assignment of 99 
20 individuals not in the reference sample was also tested. 100 
 101 
Results and discussion 102 
Three SNPs (GDF8-3, GH and NPY-3) were monomorphic in all the breeds (Table 2). The finding 103 
is not surprising for GH and NPY-3, which were reported to be polymorphic only in one or few 104 
breeds (Kim et al., 2004; Sherman et al., 2008), while it was unexpected for GDF8-3, for which 105 
polymorphism had been described in the Piemontese breed, though in a more limited sample 106 
(Vankan et al., 2010). It is also interesting to note that in the Piemontese GDF8-1 was 107 
monomorphic too, while variability was reported by Crisà et al. (2003) in the same breed. 108 
For most of the polymorphic SNPs, the allele distribution was quite similar in the four breeds, with 109 
the predominance of the same allele. The main differences concerned LEP-2, LEP-3 and LEPR loci. 110 
For seven SNPs (GHR-2, GHRL, IGF2, NPY-1, NPY-2, UCP-2 and UCP-3) the observed 111 
frequencies are in the range reported by Sherman et al. (2008) for European beef cattle breeds. 112 
The variability of the single loci across breed, estimated by FST, showed a wide range, between 113 
0.005 (GHR-3) and 0.238 (LEP-2). High levels of genetic divergence were also observed for LEP-3 114 
(0.204) and, to a lesser extent, LEPR (0.159). It has been shown that FST values can help in 115 
detecting markers under directional selection or experiencing different strength of selection, 116 
because they are expected to show higher differentiation across breeds than neutral loci (Beaumont 117 
and Nichols, 1996; Narum and Hess, 2011). The distribution of FST as a function of heterozygosity 118 
indicated that all the markers, except for LEP-2, fall within the 0.95 limits (Figure 1). This finding 119 
suggests for LEP-2 deviations from a neutral-equilibrium model, possibly due to selection acting 120 
with different intensity in different breeds. 121 
 6 
The heterozygosity values at single loci (data not shown) differed between breeds according to the 122 
allele frequencies, but the overall values were very similar. The FIS values were not significant, 123 
indicating a low level of inbreeding in the four breeds (Table 3). 124 
A significant (P = 0.0005) linkage disequilibrium was observed only for the SNPs located in the 125 
same gene: GHR-1 - GHR-2, LEP-1 - LEP-2 - LEP-3, NPY-1 - NPY-2. 126 
The haplotypes frequencies (Table 4) showed a quite different situation across breeds. For example, 127 
Romagnola differed from the other breeds for the most frequent haplotype at GHR and NPY loci. 128 
For LEP gene, a total of 8 haplotypes were observed, with CCT more frequent, except for 129 
Piemontese. Some of the rarest haplotypes were absent in a given breed: TCC in Chianina, CGT 130 
and TGT in Marchigiana, TCT in Piemontese. 131 
The genetic differentiation (FST) in the overall sample (Table 5) was high (0.085; P=0.001) with 132 
respect to the value of 0.049 obtained in a comparable study on the same breeds using microsatellite 133 
markers (Dalvit et al., 2008). The pairwise FST also detected a higher degree of between breed 134 
variability, so that the functional markers seemed to be even more valuable than neutral markers in 135 
detecting variability among these breeds. The picture of the relationships among breeds was also 136 
different from the one shown by neutral markers. In fact, the highest pairwise FST values (0.1189 to 137 
0.1877) were obtained in the comparisons of Piemontese with the other breeds, while the lowest 138 
value (0.0296) was observed between Chianina and Marchigiana. The differentiation of Piemontese 139 
from the others three breeds, already observed with different markers (Ciampolini et al., 1995; Blott 140 
et al., 1998), supports the phylogenetic origin described by Baker and Manwell (1980). Moreover, 141 
the geographical isolation of the Piemontese and, more recently, the difference in selection indexes 142 
could have contributed to its differentiation. The higher similarity among the breeds of the Central 143 
Italy is consistent with both their known history and common selection programmes. In particular, 144 
the closeness of Marchigiana with Romagnola and especially Chianina is expected on the basis of 145 
its documented origin from crossing of local Marche cattle with the two breeds (Bonadonna, 1976). 146 
 7 
The results for breed assignment reflected the genetic differentiation of the breeds (Table 6). In 147 
agreement with data reported in different studies with different breeds and markers (Ciampolini et 148 
al., 2000; Negrini et al., 2007; Dalvit et al., 2008), the Piemontese breed had the highest percentage 149 
of correct assignment (87.6, with 61% of the values exceeding 95%), while Marchigiana had the 150 
lowest one (47.5, with only 4% of the values exceeding 95%). Moreover, the wrongly assigned 151 
Marchigiana animals were mainly classified as Chianina because of their low genetic differentiation 152 
(FST = 0.03). 153 
The assignment test of independent samples confirmed the best results for the Piemontese breed, 154 
with 19 out of 20 animals correctly assigned. For the other breeds, in the same test, the percentage 155 
of correct assignment ranged from 55% for Romagnola to 70% for Chianina. 156 
 157 
Conclusions 158 
The results showed that for the breeds here considered functional markers allowed to detect a 159 
greater level of genetic differentiation compared to that observed for the same breeds with neutral 160 
markers. The two classes of markers reflect between-breed differences due to different sources of 161 
variation, mainly genetic drift for neutral markers and selection for functional markers. Therefore, 162 
in a more general view, the combined study of neutral markers and SNPs in functional regions can 163 
provide complementary information about the genetic dynamics of the breeds within a species. 164 
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Table 1. Information on the studied SNPs. 172 
 173 
Gene Chromosome SNP name Location 
Accession No 
and base position 
SNP 
GH BTA19 GH Promoter AY445811:g.358 C>T 
GHR BTA20 GHR-2 Promoter AF126288:g.149 G>A 
GHR BTA20 GHR-3 Intron IV AY643807:g.300 A>G 
GDF8 BTA2 GDF8-1 Promoter AJ438578:g.843 T>A 
GDF8 BTA2 GDF8-3 Exon I AY725215:g.229 A>C 
GHRL BTA22 GHRL Intron III AY455980:g.446 A>G 
LEP BTA4 LEP-1 Promoter AB070368:g.528 C>T 
LEP BTA4 LEP-2 Promoter AB070368:g.1759 G>C 
LEP BTA4 LEP-3 Exon II AY138588:g.305 T>C 
MYF5 BTA5 MYF5 Intron II M95684:g.1948 A>G 
IGF2 BTA29 IGF2 Exon II AY237543:g.150 C>T 
LEPR BTA3 LEPR Exon XX AJ580801:g.115 C>T 
NPY BTA14 NPY-1 Intron II AY491054:g.284 A>G 
NPY BTA4 NPY-2 Intron II AY491054:g.666 A>G 
NPY BTA4 NPY-3 Intron II AY491054:g.3032 C>T 
POMC BTA11 POMC Intron II J00021:g.254 C>T 
UCP2 BTA15 UCP2 Intron V AY14782:g.380 G>C 
UCP3 BTA15 UCP3 Intron III AF127030:g.1099 G>A 
 174 
175 
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 176 
Table 2. Alleles frequencies in the studied SNPs (only one allele per SNP is reported). 177 
 178 
SNP name Alleles Breeds FST 
  CHI MAR PIE ROM  
GDF8-1 A 0.247 0.171 0.000 0.099 0.074 
GDF8-3 C 1.000 1.000 1.000 1.000 - 
GH C 1.000 1.000 1.000 1.000 - 
GHR-2 A 0.496 0.620 0.462 0.215 0.087 
GHR-3 A 0.752 0.682 0.665 0.720 0.005 
GHRL A 0.857 0.932 0.797 0.952 0.037 
IGF2 C 0.787 0.669 0.749 0.765 0.010 
LEP-1 C 0.937 0.833 0.597 0.633 0.105 
LEP-2 C 0.781 0.633 0.137 0.399 0.238 
LEP-3 C 0.210 0.407 0.830 0.541 0.204 
LEPR C 0.563 0.529 0.926 0.403 0.159 
MYF5 A 0.416 0.560 0.426 0.424 0.014 
NPY-1 A 0.097 0.060 0.232 0.129 0.036 
NPY-2 C 0.267 0.178 0.311 0.491 0.061 
NPY-3 A 1.000 1.000 1.000 1.000 - 
POMC C 0.802 0.924 0.819 0.956 0.039 
UCP2 C 0.930 0.917 0.810 0.853 0.022 
UCP3 A 0.625 0.581 0.774 0.426 0.064 
CHI: Chianina, MAR: Marchigiana, PIE: Piemontese, ROM: Romagnola. 179 
 180 
 181 
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 183 
Table 3. Mean observed heterozygosity (Ho), mean expected heterozygosity (He) and FIS in the 184 
studied breeds. 185 
 186 
Breeds Ho He FIS 
CHI 0.35 (0.13) 0.34 (0.13) -0.027 (-0.057 – 0.001) 
MAR 0.34 (0.159 0.34 (0.15) 0.005 (-0.039 - 0.043) 
PIE 0.34 (0.14) 0.33 (0.14) -0.022 (-0.061 - 0.013) 
ROM 0.36 (0.16) 0.36 (0.15) -0.008 (-0.051 - 0.029) 
CHI: Chianina, MAR: Marchigiana, PIE: Piemontese, ROM: Romagnola. 187 
 188 
 189 
 190 
Table 4. Haplotype frequencies. 191 
 192 
Gene Haplotype Breeds 
  CHI MAR PIE ROM 
  
GHR [GHR-2, GHR-3] 
 AA 0.49574 0.61981 0.43393 0.20685 
 AG 0.00004 0.00002 0.02708 0.01064 
 GA 0.25426 0.06200 0.22891 0.51288 
 GG 0.24996 0.31816 0.31008 0.26963 
  
LEP [LEP-1, LEP-2, LEP-3] 
 CCC 0.03602 0.03427 0.00485 0.00493 
 CCT 0.74430 0.59319 0.13779 0.38868 
 CGC 0.11462 0.20449 0.45569 0.24038 
 CGT 0.04133 0.00000 0.00020 0.00045 
 TCC 0.00000 0.00515 0.00022 0.00014 
 TCT 0.00014 0.00018 0.00000 0.00012 
 TGC 0.06183 0.16273 0.36683 0.29229 
 TGT 0.00178 0.00000 0.03443 0.07302 
  
NPY [NPY-1, NPY-2] 
 AC 0.00034 0.00037 0.00025 0.00020 
 AT 0.09715 0.05955 0.23017 0.12760 
 GC 0.26707 0.17731 0.30851 0.49307 
 GT 0.63544 0.76277 0.46108 0.37913 
CHI: Chianina, MAR: Marchigiana, PIE: Piemontese, ROM: Romagnola. 193 
 194 
 195 
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Table 5. Pairwise and global FST. 197 
 198 
 CHI MAR PIE ROM 
CHI -    
MAR 0.0296 -   
PIE 0.1877 0.1403 -  
ROM 0.1029 0.0786 0.1189 - 
Global FST 0.0848 (P = 0.001) 
 199 
CHI: Chianina, MAR: Marchigiana, PIE: Piemontese, ROM: Romagnola. 200 
After Bonferroni’s correction all the values are significant. 201 
 202 
 203 
 204 
Table 6. Percentage of animals assigned to each breed. 205 
 206 
Assigned to Mean probability 
of assignment Breeds CHI MAR PIE ROM 
CHI 70.8 15.9 5.8 7.5 79.3 
MAR 31.4 47.5 10.8 10.3 69.5 
PIE 3.5 5.3 87.6 3.6 91.0 
ROM 15.4 7.9 11.8 64.9 82.9 
CHI: Chianina, MAR: Marchigiana, PIE: Piemontese ROM: Romagnola. 207 
 208 
209 
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Figure 1. FST values estimated for the 15 polymorphic markers, plotted against heterozygosity. 210 
 211 
 212 
 213 
 214 
 215 
 216 
 217 
 218 
219 
 13 
References 220 
 221 
Albera, A., Mantovani, R., Bittante, G., Groen, A. F., Carnier, P., 2001. Genetic parameters for 222 
daily live-weight gain, live fleshiness and bone thinness in station-tested Piemontese young bulls. 223 
Anim. Sci. 72:449-456. 224 
 225 
ANABIC, 2013. Available from: http://www.anabic.it/ 226 
 227 
ANABORAPI, 2013. Available from: http://www.anaborapi.it/ 228 
 229 
Baker, C.M.A., Manwell, C., 1980. Chemical classification of cattle.1. Breed groups. Anim. Blood 230 
Grps biochem Genet. 11:127-150. 231 
 232 
Beaumont, M.A., Nichols, R.A., 1996. Evaluating loci for use in the genetic analysis of population 233 
structure. Proc. R. Soc. London B Biol. Sci. 263:1619-1626. 234 
 235 
Belkhir, K., Borsa, P., Chikhi, L., Raufaste, N., Bonhomme, F., 1996-2004. GENETIX 4.05, 236 
logiciel sous Windows TM pour la génétique des populations. Laboratoire Génome, Populations, 237 
Interactions: CNRS UMR 5000, Université de Montpellier II, Montpellier, France. Available at 238 
http://www.genetix.univ-montp2.fr/genetix/genetix.htm 239 
 240 
Blott, S.C., Williams, J.L., Haley, C.S., 1998. Genetic relationships among European cattle breeds. 241 
Anim. Genet. 29:273-282. 242 
 243 
Bonadonna, T., 1976. Etnologia zootecnica. UTET. 244 
 245 
 14 
Buchanan, F.C., Thue, T.D., Yu, P., Winkelman-Sim, D.C., 2005. Single nucleotide polymorphisms 246 
in the corticotrophin-releasing hormone and pro-opiomelancortin genes are associated with growth 247 
and carcass yield in beef cattle. Anim Genet. 36:127-31. 248 
 249 
Ciampolini, R., Moazami-Goudarzi, K., Vaiman, D., Dillmann, C., Mazzanti, E., Foulley, J.L., 250 
Leveziel, H., Cianci, D. 1995. Individual multilocus genotypes using microsatellite polimorphysm 251 
permit the analysis of the genetic variability within and between italian beef cattle breeds. J. Anim. 252 
Sci. 73:3259-3268. 253 
 254 
Ciampolini, R., Leveziel, H., Mazzanti, E., Grohs, C., Cianci, D., 2000. Genomic identification of 255 
the breed of an individual or its tissue. Meat Science 54:35-40. 256 
 257 
Crisà, A., Marchitelli, C., Savarese, M.C., Valentini, A., 2003. Sequence analysis of myostatin 258 
promoter in cattle. Cytogenet. Genome Res. 102:48-52. 259 
 260 
Dalvit, C., De Marchi, M., Dal Zotto, R., Gervaso, M., Meuwissen, T., Cassandro M., 2008. Breed 261 
assignment test in four Italian beef cattle breeds. Meat Science 80:389-395. 262 
 263 
DeVuyst, E.A., Bauer, M.L., Cheng, F.C., Mitchell, J., Larson, D., 2008 The impact of a leptin gene 264 
SNP on beef calf weaning weights. Anim. Genet. 39:284-286. 265 
 266 
Di Stasio, L., Brugiapaglia, A., Galloni, M., Destefanis, G., Lisa, C., 2007. Effect of the leptin 267 
c.73T>C mutation on carcass traits in beef cattle. Anim. Genet. 38:316-317. 268 
 269 
Goudet, J., 2002. FSTAT 2.9.3.2, a program to estimate and test gene diversities and fixation 270 
indices. Available from: http://www.unil.ch/popgen/softwares/fstat.htm. 271 
 15 
 272 
Kim, N.K., Seo, Y.W., Kim, G.H., Joh, J.H., Kim, O.H., Chung, E.R., Lee, C.S., 2004. A 273 
previously unreported DraI polymorphism within the regulatory region of the bovine growth 274 
hormone gene and its association with growth traits in Korean Hanwoo cattle. Anim. Genet. 275 
35:152-154. 276 
 277 
Kirk, H., Freeland, J.R., 2011. Applications and Implications of Neutral versus Non-neutral 278 
Markers in Molecular Ecology. Int. J. Mol. Sci. 12:3966-3988. 279 
 280 
Li, C., Basarab, J., Snelling, W.M., Benkel, B., Murdoch, B., Hansen, C., Moore, S.S., 2004. 281 
Assessment of positional candidate gene myf5 and igf1 for growth on bovine chromosome 5 in 282 
commercial lines of Bos Taurus. J Anim Sci. 82:1-7. 283 
 284 
Narum, S. R., Hess, J.E., 2011. Comparison of FST outliers tests for SNP loci under selection. Mol 285 
Ecol Resour. 11:184-194. 286 
 287 
Negrini, R., Milanesi, E., Colli, L., Pellecchia, M., Nicolo, L., Crepaldi, P., Lenstra, J. A., Ajmone 288 
Marsan, P., 2007. Breed assignment of Italian cattle using biallelic AFLP
®
 markers. Anim. Genet. 289 
38:147-153. 290 
 291 
Nei, M., Tajima, F., Tateno, Y., 1983. Accuracy of estimated phylogenetic trees from molecular 292 
data. J. Mol. Evol. 19:153-170. 293 
 294 
Nkrumah, J.D., Li, C., Yu, J., Hansen, C., Keisler, D.H., Moore, S.S., 2005. Polymorphisms in the 295 
bovine leptin promoter associated with serum leptin concentration, growth, feed intake, feeding 296 
behavior, and measures of carcass merit. J. Anim. Sci. 83:20-28. 297 
 16 
 298 
Pampoulie, C., Danielsdottir, A.K., Storr-Paulsen, M., Hovgard, H., Hjorleifsson, E., Steinarsson, 299 
B.A., 2011. Neutral and Non neutral Genetic Markers Revealed the Presence of Inshore and 300 
Offshore Stock Components of Atlantic Cod in Greenland Waters. Trans. Am. Fish. Soc. 140:307-301 
319. 302 
 303 
Piry, S., Alapetite, A., Cornuet, J.-M., Paetkau, D., Baudouin, L., Estoup, A. 2004. GeneClass2: A 304 
Software for Genetic Assignment and First-Generation Migrant Detection. J Hered. 95:536-539. 305 
 306 
Raymond, M., Rousset, F., 1995. An exact test for population differentiation. Evolution. 49:1280-307 
1283. 308 
 309 
Sbarra, F., Dal Zotto, R., Mantovani, R., 2009. A survey on Cattle Performance Testing Centres in 310 
Italy. Ital. J. of Anim. Sci., 8:153-155. 311 
 312 
Sherman, E.L., Nkrumah, J.D., Murdoch, B.M., Li, C., Wang, Z., Fu, A., Moore, S.S., 2008. 313 
Polymorphisms and haplotypes in the bovine neuropeptide Y, growth hormone receptor, ghrelin, 314 
insulin-like growth factor 2, and uncoupling proteins 2 and 3 genes and their associations with 315 
measures of growth, performance, feed efficiency, and carcass merit in beef cattle. J. Anim. Sci. 316 
86:1-16. 317 
 318 
Stephens, M., and Scheet, P., 2005. Accounting for decay of linkage disequilibrium in haplotype 319 
inference and missing data imputation. Am J Hum Genet. 76:449-462. 320 
 321 
Vankan, D.M., Wayne, D.R., Fortes, M.R.S., 2010. Real-time PCR genotyping and frequency of the 322 
myostatin F94L mutation in beef cattle breeds. Animal 4:530-534. 323 
 17 
 324 
van Tienderen, P.H., de Haan, A.A., van der Linden, C.G., Vosman, B., 2002. Biodiversity 325 
assessment using markers for ecologically important traits. Trends Ecol Evol. 17:577-582. 326 
